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Abstract

Pharmacognostic and Molecular Studies of Some Medicinal Plants from Family Cucurbitaceae

The World Health Organization (WHO) estimated that 80% of the population of developing countries relies on traditional medicines, mostly plant drugs, for their primary health care. Also, modern pharmacopoeia contains at least 25% drugs derived from plants and many others which are synthetic analogues built on prototype compounds isolated from plants (Anonymous, 1996). In India, about 25,000 plant-based formulations are used in traditional and folk medicine. In recent years herbal products has led to a quantum jump in volume of plant materials traded within and across the countries (Mukherjee & Wahile, 2006; Mukherjee, 2002). While the demand for medicinal plants is growing, some of them are being threatened in their natural habitat due to over exploitation. This may increase chances of adulteration and substitution in genuine material. 
In view of the multidisciplinary scientific development and industrialization, quality assurance of herbals has become mandatory. For achieving this, standardization plays a crucial role. It is not just an analytical operation for identification and assay of active principles; rather, it comprises complete information which guarantees consistent composition of all herbals. It involves different conventional and modern pharmacognostic methods published by WHO in year 2006. Recently, DNA markers have been applied for the authentication of medicinal and processed products of plant origins (Techen et al., 2014). DNA fingerprinting by molecular markers analysis are valid methods in distinguishing genuine and commercial plant material. It also helps to trace intra generic relationships (Sucher & Carles, 2008). This further compliments quality control, exact identification and authentication of crude drug (Zhao et al., 2006). Hence, search for new resources; their standardization using traditional as well as modern tools and their bio-efficacy study are becoming essential now days.
Family Cucurbitaceae is one of the largest, economically and medicinally important plant group comprising 800 species in 130 genera worldwide. It is observed genera like Bryonia, Bryonopsis, Citrullus, Corallocarpus and Momordica bear only bitter fruits, whereas Coccinia, Cucumis, Lagenaria, Luffa and Trichosanthes bear both bitter and non-bitter fruits. In Indian Traditional System of Medicine (ITSM) most of the bitter plant species have been recommended for curing wide array of disorders. Medico-practitioners also utilize these bitter plant species for formulation preparation. Voluminous work has been carried out on Momordica, Citrullus, Cucumis and Coccinia with respect to their, botany, phyto-chemistry, pharmacology and molecular studies (Dhiman et al., 2012). However, comparative studies of bitter and non-bitter fruit bearing closely allied species/ varieties/ forms from genus Lagenaria, Luffa and Trichosanthes have not been performed so far. Over the past decade several reports on adverse effects, suspected toxicity have been documented due to consumption of products containing species from these taxa (Puri et al., 2011; Sharma et al., 2006).Currently there are no full proof standards available for authentication of these species and their herbal products. 
In view of this, present study work was planned for evaluation of pharmacognostic and molecular studies on selected closely related species/ varieties/ forms of Lagenaria siceraria (Molina) Standl., Luffa acutangula (L.) Roxb., Trichosanthes dioica Roxb., and Trichosanthes cucumerina L., along with their wild relatives from genus Lagenaria, Luffa and Trichosanthes from family Cucurbitaceae. The comparative pharmacognostic studies have been developed as per WHO guidelines particularly for macro-characterization, micro-characterization and phyto-chemical contents. High Performance Thin Layer Chromatography (HPTLC) quantification of Cucurbitacin B and Inter-Simple Sequence Repeat (ISSR) marker based molecular profiles have been developed for these selected species along with their wild relatives. The selected species were also studied for the antioxidant capacities. These comparative baseline studies will definitely help for proper use of species. Results obtained have been compiled in the thesis form. The aspects studied and results obtained have been summarized as below. 
Chapter I: Introduction - This chapter gives an overview of Traditional Medicinal System (TMS) and rising global interest. Further, it provides brief scenario of Indian health care system with special emphasis on the role of herbal drug standardizations using traditional as well as advanced molecular techniques. The importance of present work with respect to the need of pharmacognostic and molecular evaluation of selected species from family cucurbitaceae has been pointed out.
Chapter II: Review Of Literature - This chapter is divided in to three sections where relevant literature about genera Lagenaria, Luffa and Trichosanthes is reviewed respectively. With in each genus, detailed information of selected species with respect to their origin and taxonomy, utility in TSM, pharmacognosy, phyto-chemical, pharmacological data and molecular studies are compiled. Problems related to adulteration and substitution of the selected species are reviewed and presented.   
Chapter III: Materials And Methods - The chapter describes detailed methodology and protocols used in the present study. 
	Collection, identification and voucher preparations of genuine plant materials were done as per standard protocol. The crude drug samples sold as ‘Kadu bhopla’, ‘Kadu turai’ and ‘Kadu padwal’ were collected mainly from Maharashtra and some parts of Gujrat.   
	The detailed pharmacognostic investigations were carried out on vegetative parts and fruits as per standard methods.
	The protocols for DNA extraction and Polymerase Chain Reaction (PCR) by using Inter simple sequences repeat (ISSR) markers were standardized. DNA amplification profiles were analyzed using NTSYSpc version 2.1.
	Antioxidant activity was evaluated by means of different spectrophotometic assays.
Chapter IV: Pharmacognostic and Molecular Studies on Lagenaria Siceraria (Molina) Standl. - The comparative pharmacognostic evaluation of non bitter and bitter forms of L. siceraria did not show major differences. However, chemical profiles of methanol extracts showed additional bands in bitter form. HPTLC method was developed for the estimation of Cucurbitacin B (Bitter component). The result indicated that non bitter form is completely devoid of bitter principle. The antioxidant potential of bitter form was slightly higher than the non bitter one. In molecular profiling using the ISSR markers no variation was observed between non bitter and bitter forms of L. siceraria. However, ISSR markers were useful to detect adulteration or substitution by other species.
Chapter V: Pharmacognostic and Molecular Studies on Luffa Acutangula (L.) Roxb.
- The comparative pharmacognostic evaluation of Luffa acutangula var. acutangula and Luffa acutangula var. amara (Roxb.) Clarke showed very few differentiating characters. The size of flower, fruit and leaf epidermal characters in var. amara were distinct. In HPTLC analysis, var. acutangula was devoid of cucurbitacin B, whereas it was detected in vegetative parts and fruits of var. amara. The antioxidant potential of var. amara is significantly higher than var. acutangula. In molecular profiling using ISSR markers var. acutangula and var. amara could be distinguished clearly based on the polymorphic profiles with four ISSR markers. In analysis of market samples, based on ISSR marker profiles adulteration by other Luffa species and Momordica charantia L. could be identified.   
Chapter VI - Pharmacognostic and Molecular Studies on Trichosanthes Dioica Roxb. and Trichosanthes Cucumerina L. – In comparative pharmacognostic studies, T. dioica and varieties of T. cucumerina i.e. var. cucumerina and var. anguina could be differentiated. However; there were no major differences between non bitter and bitter varieties of T. cucumerina. In HPTLC analysis presence of Cucurbitacin B in vegetative parts of T. dioica and vegetative parts as well as fruits of T. cucumerina var. cucumerina was detected. However fruits of T. dioica and vegetative parts as well as fruits of T. cucumerina var. anguina were devoid of cucurbitacin. Antioxidant potential of T. cucumerina var. anguina was the highest followed by T. cucumerina var. cucumerina and T. dioica respectively. In molecular profiling using ISSR markers all the three species/varieties could be distinguished clearly based on amplification profiles of seven primers. In analysis of market samples based on ISSR amplification profiles adulteration by other Trichosanthes species and Momordica charantia L. could be identified.       
Chapter VII: Summary, Conclusions and Future Directions 
The result of work are summarized as follows 
Pharmacognostic standardization:
	In macroscopic and microscopic studies the diagnostic differences were found in T. dioica and T. cucumerina (two varieties) which can be used for identification of these species. 
	However, in comparative macroscopic and microscopic studies, no variation was observed in vegetative and floral characters except shape of ovary and fruits in wild relative of L. siceraria, L. acutangula (two varieties) and T. cucumerina (two varieties).
	In all the selected species, significant variations were observed in physicochemical values viz. percentage of ash, protein and amino acid contents in non bitter and bitter forms/varieties. 
	Tannins, phenols, flavonoids, glycosides and alkaloids were present in all species. While steroides and terpenes were found only in bitter form/varieties. 
	Tannin and polyphenol content were found to be higher in fruits of bitter forms/varieties species under study. 
HPTLC profiling and estimation of biomarker: 
	TLC fingerprints of petroleum ether and methanol extracts of selected species have been developed. The numbers of spots and their respective RF values were documented. 
	To our knowledge this is a first complete report on chromatographic studies and development of HPTLC method for estimation of Cucurbitacin B from vegetative parts and fruits of selected plant species. Cucurbitacin B is estimated only in bitter forms/varieties of L. siceraria, L. acutangula, T. cucumerina var. cucumerina and vegetative part of T. dioica. Thus, it can be used to differentiate closely related form/varieties. 
	Further, the developed HPLTC method was successfully applied to detect presence of Cucurbitacin B in the market samples procured under name of Kadu bhopla, Kadu dhodka, Patola. This method can be useful to detect adulteration and substitutions in market samples of selected species. 
Molecular studies: 
	ISSR marker based DNA profiles were used for the first time in identification of closely related non bitter and bitter forms/varieties of L. siceraria, L. acutangula, T. dioica and T. cucumerina. Specific primers based DNA profiles were found useful to differentiate close related species and varieties. 
	In L. acutangula (both varieties), primers UBC 808 and 809 produced polymorphic/specific bands and in T. cucumerina (both varieties), primers UBC 812, 822, 887, 888, and 889 amplified species specific bands. These profiles are useful in correct identification of these varieties. 
	However, in case of L. siceraria bitter and non bitter form, selected ISSR markers failed to produces any variation in collected set of DNA. 
	Further, species specific primers successfully applied for investigation of market samples. This is first report of application of ISSR primers based molecular techniques for detection of adulterant with closely related species and establishment of genetic relationships among the species with in genus Luffa and Trichosanthes.
	The different antioxidant assays demonstrated bitter forms/varieties of selected species have higher antioxidant capacity which may be due to increased amount of tannin, polyphenol and bioactive compounds like Cucurbitacins.  
Conclusions: 
Authentication of closely related medicinal plants is an especially critical when there is direct application of plant material in medicinal treatment or as a botanical supplement. The safety, efficacy and quality information obtained by applying advanced chromatographic and molecular techniques will serve as a rapid and confirmatory tool in medicinal plant research, thereby benefiting the entire pharmaceutical industry. The present work is comprehensive report on voucher specimen, macro and microscopic data, chemical profiling and DNA fingerprinting information of important medicinal plant, L. siceraria, L. acutangula, T. dioica and T. cucumerina and/with their wild relative. This data/information would be clearly beneficial for the authentication procedure, and for providing safe product to consumers.     


